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AMENDMENT TO THE CIAIMS 

1. (Original) A system for detecting a violation of a traffic 
signal at an intersection comprising the steps of: 

a virtual violation line interface for receiving from a user 
data defining a virtual violation line that corresponde to a 
location at said intersection that if crossed by a vehicle 
entering said intersection during a red light phase of said 

i 

traffic signal, is indicative of a violation of said traffic 
signal by said vehicle ; 

a storage device for storing a representation of said 
intersection and said virtual violation line; 

at least one camera for capturing at least one image of a 
vehicle at said intersection; 

a processing unit operative to: 

analyze said at least one image to identify a position of 
said vehicle with respect to said virtual violation line, 
compare said position of said vehicle to said virtual violation 
line, and generate an indication of a violation in the event said 
processing unit determines that said position of said vehicle is 
beyond said location and that said vehicle has traveled into said 
intersection during said red light phase of said traffic signal. 
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2. (Original) The system of claim 1 wherein said at least one 

■ 

i 

i 

camera is further operative to "c'apture a plurality of images of 

* 

i 

said vehicle approaching said intersection; and 

! 

i 

said processing unit is operative to analyze said plurality 

I 

of images of said vehicle and to; generate a prediction signal in 

■ 

the event it is determined by jsaid processing unit that said 

* 

I 

t 

vehicle is likely to violate said red light phase of .said traffic 

* 

r 

signal . \ 



3- (Original) The system of jclaim 2 further including an 

i 

additional signaling device for , cross traffic approaching said 

! 
i 

intersection from a direction jother than said vehicle, said 

additional signaling device respbnsive to said prediction signal 

i 

for signaling said cross traffic not to enter said intersection. 



4. (Original) The system of claim 3 wherein said additional 

r i 

signaling device comprises an additional traffic signal and said 

i 

i 

additional traffic signal is responsive to said prediction signal 

i 
i 

to delay a green light phase of said additional traffic signal. 
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5. (Original) The system of claim 1, wherein said at least one 

j 

camera comprises at least one video camera. 



6. (Original) The system of claim 1, wherein said at least one 

! 
» 

camera comprises at least one digital camera. 

* 

I 

i 

r 
i 

7. (Original) The system of claim 1, wherein said processing unit 
comprises at least one microprocessor. 



■ * 

8. (Original) The system of claim 2, wherein said processing unit 
is further responsive to a timle remaining in a yellow light phase 



of said traffic signal in the generation of said prediction 

* 
■ 

signal . ! 



9. (Original) The system of claim 2, wherein said processing unit 

i 

i - 

is operable to determine a current speed for said vehicle and to 

■ 

utilize said current speed in determining whether to generate said 
prediction signal . 

10. (Original) The system of claim 2, wherein said processing unit 



is operable to determine a curprent acceleration for said vehicle 
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and to utilize said current acceleration in determining whether to 



generate said prediction signal 



11. (Original) The system of 



unit is operable to compute a 



claim 10/ wherein said processing 

■ 

■ 

time remaining before said vehicle 

■ 

reaches said location corresponding to said virtual violation line 



responsive to said determination- of said current acceleration 



12. (Original) The system of dlaim 11, wherein said processing 
unit is operable to calculate a deceleration required for said 

■ 

vehicle to stop within said time remaining before said vehicle 

i 

reaches said location corresponding to said virtual violation 
line . 



13. (Original) The system of claim 12 wherein said processing unit 

r 

is operable to determine whether said required deceleration is 

¥ 

larger than a specified deceleration limit value , and if so, to 

■ 

generate said prediction signal 1 !. ■ 



! i 



14. (Original) The system of - claim 1, wherein said virtual 

4 

violation line is stored within'- said storage device as a portion 
of said representation of said intersection. 
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I I 



15. (Original) A method for detecting a violation of a traffic 
signal comprising the steps of : 

storing in a storage device a representation of a traffic 



intersection, said representation of said intersection (including a 

i 

virtual violation line corresponding to a location at said 

* 

i 
i 

intersection that if crossed! by a vehicle entering said 

I 

intersection during a red light phase of said traffic signal, is 

i 

indicative of a violation of said traffic signal by said vehicle, 

i ! 

said location of said virtual violation line with respect to said 

« 

intersection being user configurable; 

capturing at least one image showing said vehicle at said 
intersection ; 

analyzing said at least one image of said vehicle at said 
intersection to ascertain a position of said vehicle with respect 

to said location corresponding jtp said virtual violation line; and 

I 
i 

generating an output indicative of a violation of a red light 

J 

phase of said traffic signal in the event said analyzing step 
indicates that said vehicle has traveled beyond said location 



corresponding to said virtual 



violation line and into said 



intersection during said red light phase of said traffic signal 
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16. (Original) The method of claim 15 , further comprising the 



steps of 



capturing a plurality of images showing said vehicle 



approaching said traffic signal; 



and 



generating a prediction signal, responsive to said plurality 
of images, and an indication ojf a current traffic signal light 
phase, in response to a determination that said vehicle is likely 
to violate said red light phase of said traffic signal. 



17. (Currently Amended) The method of claim 16 , further including 
the step of signaling cross traffic approaching said intersection 
from a direction other than said vehicle not to enter said 
intersection responsive to said prediction signal. 



18. (Original) The method of 



claim 17 wherein said step of 



signaling said cross traffic includes the step of delaying' a green 
phase of a traffic signal for said cross traffic. 



19. (Original) The method of clakm 15, wherein said capturing step 
comprises the step of capturing said at least one image with a 
video camera . 
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20. (Original) The method of claim 15, wherein said capturing step 
comprises the step of capturing said at least one image with a 
digital camera. 



21. (Original) The method of 



claim 16 , wherein said step of 



generating said prediction signal includes the steps of:... 

determining a time remaining for said vehicle in a yellow 
light phase of said traffic signal; and 



generating said prediction 



time remaining in said current yellow light phase 



22. (Original) The method of 



signal, based in part, upon : said 



claim 16 wherein said step of 



generating said prediction signal includes the steps of: 

determining from said plurality of images a current speed for 



said vehicle; and 

generating said prediction 



current speed of said vehicle 



23. (Original) The method of 



signal, based in part, upon said 



claim 16, wherein said step of 



generating said prediction signal includes the step of generating 
from said plurality of images 



vehicle and 



a current acceleration for said 
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said step of generating said prediction signal is based in part 



upon said current acceleration of said vehicle 



24. (Original) The method of 



claim 16, wherein said step of 



generating said prediction signal further includes the step of 
generating a time remaining before said vehicle crosses said 



location corresponding to said • 



step of generating said prediction signal is based, in part, upon 

- 



said time remaining. 



25 . (Original) The method of 



virtual violation line and said 



claim 16, wherein said step of 



generating said prediction signal includes the step of: 

calculating a rate of deceleration that is required for said 
vehicle to stop before said location corresponding to said virtual 
violation line; and 



generating said prediction 
rate of deceleration is greater 



limit value. 



signal in the event said required 
than a predetermined deceleration 



26. (Original) The method of claim 15, wherein said storing step 
comprises the step of storing in said storage device a 
representation of said virtual violation line that corresponds to 
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a location beyond an actual stop line for a lane of traffic in 

- ! 
I 

which said vehicle is travelling! 



27. (Original) The method of claim 15, wherein said storing step 

includes the step of storing said representation of said virtual 

j 

violation line for locations corresponding to each of a plurality 

■ 

of lanes of traffic approaching said intersection. 



28 



(Currently Amended) The method of claim 2 7 further including 

,! 



the step of identifying which one of said plurality of lanes of 

•i 

traffic said vehicle tt-±s__ travel ling in from an analysis of said 

» 

at least one image. i 



I 



29; (Original) A collision avoidance system for a first traffic 

i 

signal having a current light j phase equal to one of the set 

! 

consisting of at least red and green and a second traffic signal 

having a current light phase equal to one of the set consisting of 

i 

at least red and green, comprising: 

at least one violation image capturing device; 

a plurality of showing at least one vehicle approaching said 

* ■ 

first traffic signal, said imagLs derived from an output of said 

* 

violation image capturing device!; 
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a processing unit responsivp to said plurality of images and 

i 
i 

i 

an indication of said current first traffic signal light phase, 

i 
i 

for generating at least one violation prediction for said at least 

! 

. i 

one vehicle approaching said first traffic signal , said violation 
prediction indicating a likelihojod that said at least one vehicle 
approaching said first traffic signal will violate an upcoming red 
light phase of said first traffic signal; 

a collision avoidance unit responsive to said violation 
prediction, for asserting at least one violation predicted signal; 



and 



a traffic light controller [for said second traffic signal. for 



■ 

controlling said second traffic signal responsive to said 

j 

violation predicted signal in order to signal traffic approaching 

i 

said second traffic signal not to enter said intersection; 

said processing unit furthe'r operative to, maintain a virtual 



violation line, derive a position of said at least one vehicle 

i 

from at least one of said plurality of images, compare the 
position of said vehicle to said virtual violation line, and 
generate a conf irmation signal indicative of a red light violation 
in response to a determination that said at least one vehicle has 



crossed said virtual violation 1 
said first traffic signal. 



ine during said red light phase of 
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30. (Original) The system of blaim 29, wherein said violation 
capturing device comprises at least one video camera. 



31. (Original) The system of claim 29, wherein said violation 

> 

image capturing device comprises! at least one digital camera. 

i 

i 
i 

32. (Original) The system of claim 29, wherein said collision 

i 

avoidance unit comprises software executing on a processor, 

a 

t 

I 

t 

33. (Original) The system of claim 29, wherein said processing 

* 

> 

unit comprises software executing on a processor. 



34 ♦ (Original) The system of claim 29, wherein said processing 
unit is responsive to vehicle j locations provided by a tracker 
unit . 



* 

35. (Original) The system of claim 29 f wherein said processing 

! 

unit is further responsive to ja time remaining in yellow light 

i 

phase input . j 
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36. (Original) The system of claim 29, wherein said processing 
unit is further operable to determine a current speed for said at 
least one vehicle. 



37. (Original) The system of claim 29, wherein said processing 



unit is further operable to det 
said at least one vehicle. 



ermine a current acceleration for 



38. (Original) The system of dlaim 29, wherein said processing 
unit is further operable to compute a time remaining before one of 
said at least one vehicle enters said traffic intersection, 



responsive to determination of 



vehicle 



a current acceleration of said 



39. (Original) The system of claim 38, wherein said processing 
unit is further operable to calculate a deceleration required for 



said at least one vehicle to 



before said vehicle enters said Lraffic intersection. 



stop within said time remaining 



40. (Original) The system of claim 39 wherein said processing unit 
further operative to determine whether said required deceleration 
is larger than a specified deceleration limit value, and if so, 
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updates a violation prediction value for the current frame to 
indicate that a violation is predicted. 



41. (Original) The system of 
violation line is maintained by 
of an internal representation of 



42. (Original) The system of 



claim 29, wherein said virtual 
said, processing unit as a portion 



said intersection* 



claim 41, wherein said virtual 



violation line is represented within said processing unit as being 
located beyond an actual stop Line within a respective lane of 
said internal representation of said intersection. 



43. (Original) The system of claim 29, wherein said traffic light 



controller is responsive to said 



said red light phase of said second traffic signal 



44. (Original) A method of coll: 



violation prediction to extending 



sion avoidance at an intersection 



for a first traffic signal having a current light phase equal to 



one of the set consisting of at 
traffic signal having a current 



set consisting of at least red and green, comprising: 



least red and green and a second 
light phase equal to one of the 
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capturing a plurality of images showing at least one vehicle 

i 

approaching 3aid first traffic signal, said images derived from an 
output of a violation image capturing device ; 

maintaining at least one virtual violation line 

■ 

at an intersection for said at least one vehicle approaching said 

i 

first traffic signal; 

generating, responsive to said plurality of images and an 
indication of said current first traffic signal light phase, at 
least one violation, prediction for said at least one vehicle 
approaching said first traffic signal, said violation prediction 
indicating a likelihood that said. at least one vehicle approaching 
said first traffic signal will violate an upcoming red light phase 
of said first traffic signal; 

» 

asserting, responsive to said violation prediction, at least 
one violation predicted signal coupled to said second traffic 
signal ; 

4 

t • 

controlling, responsive to said violation predicted signal, 
said second traffic signal in order to signal traffic approaching 
said second traffic signal not to enter said intersection; 

generating from at least one of said plurality of images a 
location of said at least one vehidle with respect to said virtual 
violation line; 

-15- 
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comparing said location of said at least one vehicle to a 

■ 

position defined by said virtual violation line; and 

' ; 

generating an output indicative of a red light violation of 

i 

said first traffic signal in the 'event said location of said 

■ 

vehicle is determined to be beyonci said position of said virtual 

i 

violation line within said intersection during said red light 
phase of said first traffic signals 



> ■ 



45. (Original) The method of claim 44, wherein said violation 
image capturing device comprises ajj least one video camera. 



46. (Original) The method of claim 44, wherein said violation 
image capturing device comprises at least one digital camera. 



47. (Original) The method of claim 



of 



44, further including the steps 



determining a time remaining j.iin. a current yellow light phase; 



and 



■■i. 



generating said at least one |. violation prediction in response 

' •;! • 

to said time remaining in said curirent yellow light phase. 



1 i:» 
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44, further including the steps 



48, (Original) The method of claim 

■ 

of: | 

■ 
i 
i 

t 

determining a current speed for said at least one vehicle; 

i 

and ' 

! 

generating said at least one violation prediction in response 

■ 
r 

to said current speed of said at J least one vehicle . 



49. (Original) The method of [claim 44, wherein said step of 

i 

i 
■ 
i 

generating said at least one violation prediction includes the 

i I 

step of determining a current acceleration for said at least one 

! 

vehicle. ! 



50. (Original) The method of jclaim 44, wherein said step of 
generating said at least one violation prediction includes the 
step of computing a time remaining before said at least one 

! 

vehicle enters said traffic intersection. 



51. (Original) The method of I claim 50, wherein said step of 
generating said at least one violation prediction further includes 

* 1 f 



the step of calculating a rate of 



at least one vehicle to stop within said time remaining before 



deceleration required for said 



said vehicle enters said traffic intersection 
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(Original) The method of cla:.ni 51 wherein said step of 
generating said at least one violation prediction includes the 
step of determining whether said Required deceleration is larger 



than a specified deceleration limilt 



i 

violation prediction value for the 
a violation is predicted. 



value, and if so, updating a 



current frame to indicate that 



53- (Original) The method of claim 44, wherein said step of 



line includes the step of 



maintaining said virtual violation 

maintaining said virtual violatioip line as a portion of a 
representation of said intersection. 



54. (Original) The method of claim 



53 , further including the step 



of maintaining said virtual violation line at a location beyond an 
actual stop line within a respective lane of said representation 
of said intersection* 



55. (New) A method of avoiding co 



comprising 



llisions at an intersection. 
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receiving data defining a virtual violation line from a user, 
the virtual violation line corresponding to a location at said 
intersection; 

storing a representation of said intersection and said 



virtual violation line; 

capturing images of a vehicle 
at said intersection; 



approaching said traffic signal 



analyzing said images to determine whether said vehicle is 

■ 



likely, during an upcoming red light phase of said traffic signal, 
to cross said virtual violation line; and 

upon determining that said vehicle is likely to cross said 



virtual violation line during sa^ 
said traffic signal, generating a 



d upcoming red light phase of 
signal operative to control an 



indicator to warn cross traffic approaching said intersection not 



to enter said intersection 



56. (New) The method of claim 55 wherein the indicator- controlling 
signal indicates that a green phase of a traffic signal for said 
cross traffic is to be delayed. 



57. (New) The method of claim 55, wherein said capturing step 



comprises capturing said images with a video camera . 
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58, (New) The method of claim 55, wherein said capturing step 
comprises capturing said images with a digital camera. 

59, (New) The method of claim 55, wherein said analyzing includes 
determining a time remaining for said vehicle in a yellow light 
phase of said traffic signal, and the generating step is based in 
part upon said time remaining in said current yellow light phase. 

60, (New) The method of claim 55, wherein generating, said signal 
includes the steps of: 

determining from said plurality of images a current speed for 
said vehicle; and 

generating said signal based in part upon said current speed 
of said vehicle. 

61, (New) The method of claim 55, wherein the generating step 
includes: 

determining from said images a current acceleration for said 
vehicle; and 

generating said signal based in part upon said current 
acceleration of said vehicle. 
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62. (New) The method of claim 55 , wherein the generating step 



includes : 



generating a time remaining before said vehicle crosses said 
location corresponding to said virtual violation line; and 

generating said signal based in part upon said time 



remaining 



63. (New) The method of claim 55, wherein the generating step 



includes : 



calculating a rate of deceleration that is required for said 
vehicle to stop before said location corresponding to said virtual 
violation line; and 

generating said signal in the event said required . .rate . of 
deceleration is greater than a predetermined deceleration limit 
value . 



64. (New) The method of claim 55, wherein said representation of 

said virtual violation line 'corresponds to a location beyond an 

actual stop line at said intersection for a lane of traffic in 
which said vehicle is travelling. 
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65. (New) The method of claim 55, wherein said storing step 
includes storing said representation of said virtual violation 
line for locations corresponding to each of a plurality of lanes 
of traffic approaching said intersection. 

66. (New) The method of claim 65 further including identifying 
which one of said plurality of lanes of traffic said vehicle is 
travelling in from an analysis of said images. 

L ■ > ' 

67. (New) The method of claim 65, wherein the user data defines 
the virtual violation line as being angled such that it is not 
crossed by a vehicle turning from one of the lanes onto a cross 
street . 

68. (New) The method of claim 67, wherein the virtual violation 
line is defined as being angled such that it is not crossed by a 
vehicle turning right onto the cross street from a right -most one 
of the lanes , 

69. (New) The method of claim 55, wherein the user data defines 
the virtual violation line as being parallel to an actual stop 
line at said intersection. 

WEINUARTEW. SCHDRCIN. 
CACNEBIW li LEBOVICI LLD 
TEL. (617) S42-2290 

PAGE 24/30 « RCVD AT 2113/2004 2:34:49 PM [Eastern Standard Time] * SVR:USPT0-EFXRM/2 * DNIS:8729306 ' CSID.1 6174510313 » DURATION (mm-ss):05-26 



02/13/2004 14;37 FAX 16174510313 



WSGL 



©025 



Application No. 10/661,739 
Filed: September 12, 2003 
TC Ax-t Unit: 2123 
Confirmation No.: 

70. (New) A system for avoiding collisions at an intersection, 
comprising: 

a virtual violation line interface for receiving data, 
defining a virtual violation line from a user, the virtual 
violation line corresponding to a location at said intersection; 

a storage device for storing a representation of said 
intersection and said virtual violation line; 

at least one camera for capturing images of a vehicle 
approaching said traffic signal at- said intersection; and 

a processing unit operative = (1) to analyze said images to 
determine whether said vehicle is likely, during an upcoming red 
light phase of said traffic signal, to cross said virtual 
violation line, and (2) upon determining that said vehicle is 
likely to cross said virtual violation line during said upcoming 
red light phase of said traffic signal, to generate a signal 

■ 

operative to control an indicator to warm cross traffic 
approaching said intersection not to enter said intersection. 



71. (New) The system of claim 70, wherein the 
indicator-controlling signal indicates that a green phase of a 
traffic signal for said cross traffic is to be delayed 
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72. (New) The system of claim 70, wherein said camera is a video 
camera . 



73. (New) The system of claim 70, wherein said capturing step 
comprises capturing said images with a digital camera. 



74. (New) The system of claim 70, wherein said processing unit is 
operable when analyzing said images to determine a time remaining 
for said vehicle in a yellow light phase of said traffic signal, 
and to generate said signal based in part upon said time remaining 
in said current yellow light phase. 



75. (New) The system of claim 70, wherein said processing unit is 
operable when generating said signal to: 

determine from said images a .current speed for said vehicle ; 

and 

■ 

generate said signal based in part upon said current speed of 
said vehicle. 



7S. (New) The system of claim 70 , wherein said processing unit is 
operable when generating said signal to= 
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determine from said images a current acceleration for said 
vehicle; and 

generate said signal is based in part upon said current 
acceleration of said vehicle. 



77. (New) The system of claim 70, wherein said processing unit is 
operable when generating said signal to : 

generate a time remaining before said vehicle crosses said 
location corresponding to said virtual violation line; and 

generate said signal based in part upon said time remaining. 

78. (New) The system of claim 70, wherein said processing unit is 
operable when generating said signal to: 

calculate a rate of deceleration that is required for said 
vehicle to stop before said location corresponding to said virtual 
violation line; and 

generate said signal in the event said required rate of 
deceleration is greater than a predetermined deceleration limit 
value . 



79. (New) The system of claim 70, wherein said representation of 
said virtual violation line stored in said storage device 
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corresponds to a location beyond an actual atop line at said 
intersection for a lane of traffic in which said vehicle is 
travelling. 

00. (New) The system of claim 70, wherein said storage device is 
operable to store said representation of said virtual violation 
line for locations corresponding to each of a plurality of lanes 
of traffic approaching said intersection. 

81. (New) The system of claim 80, wherein said processing unit is 
operable to identify which one of said plurality of lanes of 
traffic said vehicle is travelling in from an analysis of at least 
one of said images. 

82. (New) The system of claim so, wherein the user data defines 
the virtual violation line as being angled such that it is not 
crossed by a vehicle turning from one of the lanes onto a cross 
street . 

83. (New) The system of claim 32, wherein the virtual violation 
line is defined as being angled such that it is not crossed by a 
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vehicle turning right onto the cross street from a right -most one 
of the lanes , 



84. (New) The system of claim 80, wherein the user data defines 
the virtual violation line as being parallel to an actual stop 
line at said intersection. 
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